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The purpose of this study was to trace the formative process of primo vascular system (PVS)
research over the past decade and to describe the characteristics of the Korean scientific
community. By publishing approximately 30 papers in journals ranking in the Science Cita-
tion Index (Expanded), the PVS research team actively convinced domestic and interna-
tional scientists of the anatomical existence of the PVS and its possible application to
Korean and Western medicine. In addition, by sharing the PVS observation technique,
the team promoted the dissemination and further pursuit of the research. In 2012, howev-
er, PVS researchers performed smaller scale researchwithout advancing to a higher level as
compared to the early days. The main reasons were found to be the Korean Research and
Development policy of supporting creative, small-scale basic research and applied
research of Western scientific fields that promised potentially greater success on an exten-
sive scale; the indifference concerning, and the disbelief in, the existence of a new circu-
latory system were shown by the Western medical community. In addition, the Oriental
medical community was apathetic about working with the PVS team. Professors Kwang-
Sup Soh and Byung-Cheon Lee were the prime movers of PVS research under difficult con-
ditions. Spurred by their belief in the existence and significance of the PVS, they continued
with their research despite insufficient experimental data. The Korean scientific commu-
nity is not ready to promote the Korea-oriented creative field of the PVS team.l National University, 599 Gwanang-ro, Gwanank-gu, Seoul 151-742, South Korea.
. Kim).
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320 H.G. Kimorder to achieve these goals, the LBKM has applied for1. Introduction
In March 2000, a research group advocating a research topic
rarely discussed in scientific communities was founded in
the Department of Physics, College of Natural Science,
Seoul National University (SNU), one of the most prominent
universities in Korea [1]. This group was called the Labo-
ratory of Biomedical Physics for Korean Medicine (LBKM),
and from June 2003, it began to receive government sup-
port. “Korean Medicine” (KM) in LBKM refers to the
independently-established Oriental medicine that origi-
nated from China. The research of the LBKM is related to
the anatomy and function of a new circulatory system, in
addition to the blood vascular system and the lymphatic
system, in the human body. Since 2003, the LBKM has car-
ried out successful scientific experiments establishing the
existence of the new circulatory system and has published
approximately 70 papers in domestic and international
journals. Among them, approximately 30 papers have been
published in journals ranking in the Science Citation Index
(Expanded) or SCI(E) [2e30].
The research of the LBKM has special meaning for both
the Oriental and the Western medicine research fields.
Oriental medicine is the field of curing disease by circu-
lating Qi with acupuncture and medicinal herbs based on
the existence of a meridian system in the human body.
Previously, Oriental-medicine-related research mainly
found no physical evidence for the existence of a meridian
system, and suggested that successful treatment was
effected by using acupuncture to stimulate the existing
nervous system [31]. However, LBKM’s research is related to
structure that are presumed to be the meridian system. In
addition, the Western medicine community does not
acknowledge the existence of a new circulatory system
because of the widely accepted theory that the blood
vascular system and the lymphatic system are the only
circulatory systems in the human body. Moreover, the
macroscopic level of research on the meridian system as a
circulatory system was of no interest to Western medicine
communities whose research efforts, the advanced science
of DNA, were at a molecular level. If the existence of a new
system were to be proven, the Western medicine commu-
nities would have to approach the entire subject of
fundamental human health and disease from a wholly new
perspective.
To date, the LBKM has only conducted a limited program
based on the size of its research fund and has received little
attention from both the Korean and the Western medicine
communities. Over the span of 5 years since the early days
of its existence, the LBKM has produced scientific evidence
of the new circulatory system by using government and
personal support to maintain a single research team. The
team was able to make interesting discoveries in applied
research, such as new types of cells putatively corre-
sponding to the origin of stem cells and a new way for
cancer cells to spread. With such outcomes, the LBKM,
along with several domestic and international research
teams, has established goals not only to complete the
verification of the presence of the new circulatory system
but also to approach human diseases in alternative ways. Inmedium and large-scale government grants valued at more
than United States Dollars (USD) 1 million to support
research in the areas of basic science (BS) and original and
fundamental technology (OFT). Over the past decade, the
Korean government has increased financial support for BS
and OFT [32]. For example, the total research and devel-
opment (R&D) fund of USD 7.08 billion in 2005 increased
steadily at an average of 11.6% every year, totaling USD
13.5 billion in 2011. In the areas of BS and OFT, the R&D
fund increased from USD 1.69 billion in 2007 to USD 3.09
billion in 2011. In addition, the Korean government claimed
to support in earnest the high-risk/high-return type of R&D.
However, in contrast to the high expectations of the LBKM,
it failed to gain access to such medium- and large-scale
support and has had to maintain its research with small-
scale and short-term R&D support.
This study is the first report on the formation of the
LBKM in the past 10 years. The sociological fields have given
little attention to the LBKM owing to the domestic scientific
community’s insufficient knowledge about its research
achievements. However, the discoveries of the LBKM have
strongly supported the existence and realizable medical
application of a new circulatory system; thus, an exami-
nation of the history of the LBKM seemed to be warranted.
Moreover, the key figures of the LBKM began to work in
separate research spaces in 2010; thus, a report on their
contributions while they were together as a team seemed
appropriate. This study may help to clarify the early days of
the LBKM for sociological studies hereafter.
This study covers two main topics. First, it addresses
significant changes in the work of the LBKM within the do-
mestic scientific community as a result of new challenges.
“Bonghan Kim,” “meridian system,” and “KM” were often-
used terms in early papers on the new circulatory system.
In the 1960s, Bonghan Kim claimed that his discovery of an
anatomical system corresponded to a meridian system and
that one could newly establish KM based on his research
[33]. As the LBKM began its work with a reappraisal of
Bonghan Kim’s research, these terms naturally appeared in
papers and in proposals for government projects. However,
the LBKM later used the term “primo vascular system” (PVS)
as a substitute in research proposals and at external events.
By not using words unfamiliar to domestic and international
scientific communities, the LBKM was able to rediscover the
basic and original circulatory system, which is now referred
to as the PVS. The PVS symbolizes the difficult situation of
the acceptance of the LBKM by the medical community.
This situation is explained by tracing three R&D projects
that the LBKM proposed to garner new support, whom they
met, and what they learnt from failure.
The second topic reveals the driving force behind the
LBKM, in spite of the unfavorable conditions in Korea. In
Western countries, the fields of advanced technologies,
such as information and communication technology, nano-
technology, and biotechnology, are similar to those of the
Korean scientific community, which over several decades,
has rapidly advanced to become world-class. However,
compared to Western medicine, which is closely related to
these fields, the Korean government has given KM very little
support. Moreover, the works of Bonghan Kim received no
Formative research on the primo vascular system 321interest from the domestic scientific community at all. In
this difficult situation, two key figures played major roles in
guiding the LBKM for a decade. As natural scientists, they
never renounced their research done during the early days
of the LBKM, asking fundamental questions about KM, and
after some tangible outcomes appeared, they tried to
convince other researchers of the existence of the new
anatomical system. They also demonstrated their experi-
mental techniques directly to researchers who had an in-
terest in the field studied by the LBKM. Here, an attempt is
made to show that due to their persistent efforts, the
possibility of converting the disinterest of scientific com-
munities regarding this unfamiliar, isolated field to interest
remains.2. Material and methods
This study was conducted using literature reviews and in-
terviews. First, approximately 30 papers of the LBKM from
journals ranking in the SCI(E) between 2004 and 2012 were
examined. In addition, the characteristics of LBKM’s papers
and research proposals were clarified by dividing them into
two different periods: A period of stable government sup-
port until 2008 and the period after 2009 when the LBKM
strove for medium- and large-scale R&D projects. The trend
of domestic R&D projects is based on the almanacs published
by the Government and government-affiliated research in-
stitutes, and on Government press releases. Until 2008, the
situation of the LBKM was cited in only one publically
available book [1].
The author conducted interviews with the key LBKM
leaders, Professors Kwang-Sup Soh and Byung-Cheon Lee, to
establish the research situations and difficulties encoun-
tered by them prior to and after the publication of his book
[1]. In particular, when the LBKM was establishing a project
for a USD 9 million government R&D project, the author was
a member of the LBKM and bears responsibility for its so-
ciological approach. The LBKM process of networking with
international research teams originated from Professor
Kyung-A Kang, who played a key role in LBKM’s meetings
with major international scientists. For this study, the in-
terviews were conducted through visits and e-mails from
September 2012 to December 2012, but the dates of the
interviews are not specified.
In Section 3.1, the process of getting government fund-
ing, LBKM’s major research findings, and the development
of the visualization technique until 2008 are described.
LBKM’s success in receiving funding from the National
Research Laboratory (NRL) program was mainly realized by
Professor Soh’s individual academic fame; additional
financial support for maintaining the LBKM was received
from a benefactor.
In Sections 3.2.1 and 3.2.2, LBLM’s hope and trials to
expand its research areas are explained. As the Korean
government has strongly encouraged domestic scientists to
do creative original research, the LBKM positively started to
seek new funds from programs including the Creative
Research Initiatives (CRI) and the Global Frontier Program
(GFP). The CRI seemed to be a very proper source of
funding for the LBKM, but it required high-quality research,
which the LBKM had not achieved at that time. After theLBKM decided to apply to the GFP, which supported the
most research in Korea, the LBKM actively prepared for
domestic and international research networking. However,
the LBKM failed to be selected for GFP funding even in the
early screening stage. In Section 3.2.3, the reasons for
LBKM’s failure to obtain funding, with a focus on the se-
lection system of the Korean government and on the terms
such as Oriental Medicine and Bonghan Kim, which were
used in LBKM’s proposals and were very unfamiliar to do-
mestic researchers, are addressed. This failure forced the
LBKM to reconsider and redefine the official names and
terms used in its research.
Although the LBKM was ready to cooperate with inter-
national teams, starting joint research without large-scale
funding was impossible. Instead, the LBKM tried twice to
apply for medium-scale research funding from the Pioneer
Program of Future Technology (PPFT) with a domestic
network, but the LBKM failed to pass the final screening
stage. The situation at that time seemed to be very similar
to that of the GFP.
3. Results and discussion
3.1. Maintenance of a research system
(2003e2008)
3.1.1. The beginning of government support for the LBKM
Professor Soh, a theoretical physicist, was the prime
motivator and was responsible for the entire body of LBKM
research on the PVS; Professor Lee, a pharmacologist, used
his biological knowledge to contribute decisively to estab-
lishing the techniques for visualizing the PVS. These two
natural scientists first met in 2001 through a shared interest
in studying the effects of electromagnetic fields in living
bodies when Professor Lee, who received his doctoral de-
gree from Chung-Ang University in 1998, joined Professor
Soh’s team as a post-doctoral fellow.
Professor Soh graduated from the Department of Phys-
ics, SNU, and received his doctoral degree from Brown
University, USA, for his research on particle physics, which
interpreted the natural world by using the theory of rela-
tivity combined with quantum mechanics. In 1979, he
began work as a professor at SNU and sought the chance to
study Bonghan Kim’s Hypothesis (BH), which was his per-
sonal interest. BH was described in North Korea scientific
literature in the 1960s by Bonghan Kim, a South-Korea-
trained physiologist who had crossed the border to the
North when the Korean War broke out in the 1950s. In five
articles, he argued that he had discovered the anatomical
truth about the meridian pathways and meridian points.
Only one of the articles was written in English [33] and was
distributed to many countries, including the USA. Bonghan
Kim named the meridian pathways Bonghan ducts, and the
meridian points Bonghan corpuscles. Although BH was
highly acclaimed in North Korea and Eastern Europe, it
disappeared suddenly from North Korea in early 1966 [34].
Professor Soh’s interest in BH fell into two categories [1].
First, he thought that the research trend of particle physics
was to divide a substance endlessly into smaller constituents
under the philosophy of reductionism and that determining
the natural essence in this way was difficult. Instead, he
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322 H.G. Kimexplored the academic areas that reflected the Oriental
holistic worldview that identified humans or nature as or-
ganisms and noted KM as an appropriate research area.
Second, Professor Soh encountered BH accidentally during
his research on KM. At that time, not only was he investi-
gating the biophoton hypothesis to understand life from the
perspective of energy and information, which are funda-
mental elements in nature, but he was also looking into the
electromagnetic properties of the meridian system as
methods for the diagnosis and treatment of diseases. Having
had the opportunity to consider Bonghan Kim’s papers
several times and having read them carefully (one of which
he first read in the library whilst studying in the USA) he
decided that BH could meet his academic interest. As the
anatomical entities, the Bonghan ducts and corpuscles, were
described in detail, he had little doubt of the papers’
integrity. In July 2002, when he had the chance to have a
visiting graduate student from the Department of Veterinary
Science at China’s Yanbian University, he decided to begin a
trial experiment with rabbits to test Bonghan Kim’s claims
about intrablood vessels, with the student and another
intern student as a makeshift team. Within a month, they
found a Bonghan duct inside a blood vessel, and the team
was expanded to include Professor Lee and other students.
The problem was the security of research funding. Ac-
cording to the nature and scale of the research, applying for
a NRL program supported by the Ministry of Science and
Technology (MOST) would have been appropriate. However,
the Korean scientific community at the time was very unfa-
miliar with the study of KM and anatomy in the Department
of Physics, and Professor Soh had little knowledge of BH as
well. He had little confidence of receiving support even
when he submitted his research proposal to the NRL pro-
gram. When he prepared the proposal, he wrote about KM
research mainly with electromagnetic fields and the bio-
photon hypothesis at the forefront, and in the latter,
included a small addition regarding BH. Fortunately, the
LBKM was selected as an NRL program in 2003. According to
Professor Soh, a MOST official who supervised NRL programs
played a major role in the selection (personal communica-
tion with Professor Kwang-Sup Soh). Having received much
help from Professor Sohwhen contemplating the science and
technology policy related to scientific education, the official
trusted him greatly as a scientist, and accepted his opinion
that BH held important meaning for the development of
domestic science and technology.
From June 2003, the LBKM received an average of USD
227,000 annually for 5 years. However, the funds were used
mainly to purchase laboratory equipment and materials. In
the early days, the NRL support was insufficient to meet the
personal expenses of four LBKM doctors, including Professor
Lee, eight doctoral candidates, and eight master’s candi-
dates. A venture company CEOwho happened to come across
the research at that time resolved this problem. With no
accompanying conditions, he provided annual support of
approximately USD 72,000 for 5 years from 2005 (Table 1).
3.1.2. Publishing papers in international journals and
technology propagation
In the early days, the LBKM expected to find Bonghan ducts
and corpuscles easily from animal biopsies, but failed many
times [1]. Bonghan Kim’s papers had sketched the new
Formative research on the primo vascular system 323vessels clearly in the blood and the lymphatic systems and
on the surfaces of organs. However, the LBKM could not
identify them owing to thrombus during biopsies. In his
papers, Bonghan Kim had proposed only results, but not
specific methods to obtain those results. For example, he
wrote only of “meridian points from skin using blue dyes” or
“blue lines appear when blue dyes were injected to me-
ridian pathways.” Therefore, the LBKM spent more than a
year developing dyeing methods and new microscope
techniques to confirm the Bonghan system. Professor Soh
described this situation as “finding a treasure without a
map.” During this period, Professor Soh and the LBKM re-
searchers were often pessimistic, dwelling on the possibil-
ity that BH was not valid.
The period during which the LBKM pinned its beliefs on a
vague hope was in mid-2004 when it published a paper in
Anatomical Record (Part B: New Anatomist), an American
anatomy journal [35]. The LBKM had anesthetized eight rats
and dyed the blood vessels with the fluorescent reagent
acridine orange, which selectively stains nuclei. A fluores-
cence microscope was used to observe the vessels, and rod-
shaped nuclei were observed to be arranged in a novel
threadlike structure; such nuclei were typically observed in
muscle cells or inner skin cells. The images were very
similar to those in Bonghan Kim’s papers. The key to the
LBKM paper was determining the reason that scholars in the
medical field had not discovered the Bonghan system in
blood vessels. Namely, observing the rod-shaped nuclei
with a fluorescence reagent was critical when differenti-
ating Bonghan ducts from the general threadlike structure
formed by coagulated fibrins.
The LBKM found these new vessels on the surfaces of
organs, and published another paper in the same journal in
2005 [36]. The researchers had dissected nine rabbits,
collected novel threadlike structures from the surfaces of
the livers, and used the Feulgen reaction for more precise
dyeing. The LBKM found rod-shaped nuclei whose sizes,
shapes, and distributions were very similar to those in the
blood vessels and in Bonghan Kim’s papers. Unlike in 2004,
the editors of the journal suggested “Bonghan Ducts” as the
title of the paper without requesting the approval of the
LBKM. In September 2005, the LBKM published a paper on
the discovery of new vessels in lymphatic vessels in the
same journal [37]. The lymphatic vessels from 14 rabbits
had been dyed with Janus Green B, resulting in light
staining of those vessels, whereas the novel threadlike
structures they contained were strongly stained.
These three papers held great meaning for the LBKM and
lead to acknowledgment by the international science so-
ciety of the anatomical truth of BH even though not pub-
lished in journals ranking in the SCI(E). Inwardly, Professor
Soh exclaimed, “Bonghan ducts can be found from inside
lymphatic vessels of live rabbits. We are on the right track.
Bonghan Kim’s claims were true. It is only difficult to
prove.” [1].
A summary of the research results, which the LBKM pub-
lished in domestic and international journals and at symposia
until 2008, is as follows. First, the LBKM discovered novel
structures corresponding putatively to Bonghan ducts in the
blood vessels and lymphatic vessels and on the organ surfaces
of live animals. Second, the discovery of a fluid flowing inside
these novel structures confirmed the possibility of Bonghanducts being a new circulatory system unlike blood vessels or
lymphatic vessels. Third, the LBKM discovered “Sanals,” cell-
like vesicles containing DNA and unknown to the scientific
community, by isolating them from Bonghan ducts [5,11].
Bonghan Kim had named the vesicles Sanals based on the
meaning “live eggs” in Korean [33].
In 2008, the LBKM had many research tasks to carry out
in the area of BS. Namely, the structure of the new vessels
had to be investigated more closely. Most importantly, it
was necessary to prove Bonghan Kim’s argument that the
new vessels were a visual matrixeconnected structure in
the entire body. In addition, it was important to prove their
existence in the human body, not just in animals. The
technique developed by the LBKM was very useful for
investigating the new vessels in a living body, but due to
changes in their conditions, detecting these vessels in a
corpse was difficult. As a biopsy of a human body would
face ethical and legal issues, a new technique to detect
them in the human body without dissection was needed.
The research on the function of the new vessels was
important in the area of BS as well. The components of the
Sanals and the fluid flowing inside the new vessels remained
unidentified. It was expected that some could be identified
clearly by using the DNA sequencing method inside the
Sanals. However, approximately 10,000 Sanals were needed
to perform the DNA sequencing, but the LBKM had found
only 10 Sanals, at most, from one animal. In addition, a
method of culturing Sanals had not yet been developed
(personal communication with Professor Kwang-Sup Soh).
The LBKM decided that it needed first to develop both a
biomarker that responded specifically to the new vessels
and the advanced nanobiotechnology to visualize those new
vessels. If these goals were to be achieved, a need existed
for a larger-scale project, not as one team at the NRL level,
but as a network of research teams. As most medium- and
large-scale projects in Korea include the OFT area, as well
as the BS area, the LBKM had to challenge the OFT area for
new government support to go farther.
In addition, the LBKM had devised a strategy for initi-
ating experimental methods to identify new vessels in order
to galvanize PVS research in both domestic and interna-
tional academic fields (personal communications with Pro-
fessors Kwang-Sup Soh and Byung-Cheon Lee). This work
was mainly done by Professor Lee. In fact, Professors Soh
and Lee often argued because they had different opinions
on the process. Professor Soh took the position of sharing
the source unconditionally with all researchers for the
health and welfare of humankind. Although agreeing with
Professor Soh basically, Professor Lee was concerned about
the LBKM being uncompetitive if the technique was to be
spread worldwide. Although the arguments sometimes
continued for days, the two had strong comradeship,
cooperating with each other and arranging for the sharing
of technology as appropriate (personal communication with
Professor Kwang-Sup Soh).
The LBKM introduced the observation technique for
visualizing the new vessels early on, and from 2008,
actively carried out demonstrations by visiting laboratories
inside and outside the country. Until 2012, the demon-
strations in Korea were carried out at SNU’s Veterinary
School, Chung Book University’s Veterinary School, Won
Kwang University’s College of Oriental Medicine, Sung Kyun
324 H.G. KimKwan University’s Department of Biology, University of
Ulsan’s College of Medicine, Korea University’s Medical
School, the Korea Institute of Oriental Medicine (KIOM), the
Samsung Medical Center in Seoul, and the National Cancer
Center. The demonstrations outside the country were car-
ried out for scholars such as Zhang Weibo (China Academy
of Chinese Medical Science) in November 2008, Vitaly
Vodyanoy (Auburn University College of Veterinary Medi-
cine) in January 2009, Samuel Achilefu (Department of
Radiology, Washington University’s School of Medicine) in
May 2010, and Donald M. Miller (Director, James Graham
Brown Cancer Center, University of Louisville’s School of
Medicine) in February 2011.
Meanwhile, the LBKM was actively involved in an inter-
national journal in announcing the results and exchanging
research. In 2008, the Korean Pharmacopuncture Institute,
the largest of the 30 societies affiliated with the Korean
Oriental Medical Society, published the first edition of the
Journal of Acupuncture & Meridian Science (JAMS ). The
JAMS was published every other month by Elsevier. Pro-
fessor Soh, who was the chief editor for the first edition,
assembled approximately 20 editors from domestic and
international institutions and cooperated with the pub-
lisher. For 18 months from April 2009, Professor Lee was the
laboratory chief for the Korean Pharmacopuncture Institute
and received the grand prize for his paper published in
JAMS in 2009.
3.2. A great leap forward (2009e2012)3.2.1. Preparation of support for large-scale applied
research
In 2008, following its combination with the Ministry of Ed-
ucation by the new Government, the MOST became the
Ministry of Education, Science and Technology (MEST). The
MEST divided the BS and the OFT areas into seven cate-
gories [32]. The three generally-supported research cate-
gories were Basic and Creative Research, Future Promising
OFT, and Fusion Technology. The remaining categories,
supported by a long-term plan, were Space, Nuclear Fusion,
Atomic Power, and Radiation.
The first government project to which the LBKM
considered applying in 2008 was the CRI, which belonged to
the Basic and Creative Research category and had been
running since 1997. Selected research teams received USD
500,000 (USD 900,000 in the 1990s) annually for a maximum
of 9 years. The project’s final goal was to achieve creative
basic research results without application or industrializa-
tion (initially, its major purpose was to produce a “Korean
Nobel Prize winner”). The area receiving the support was
defined mainly as “the pioneering area to investigate na-
ture phenomenon creatively, or show the innovative pos-
sibility of application.” Owing to the focus on BS, success or
failure was determined by the volume and quality of pub-
lished research papers.
The CRI goal meant that it was a worthwhile target for the
LBKM, but the LBKM relinquished its application for that
project (personal communication with Professor Kwang-Sup
Soh). The reason was that until 2008, the LBKM’s research
papers had been published in low-impact-factor journals.
The numbers of papers [2e15] published in journals rankingin the SCI and SCIE until 2008 were nine and five
[5,9,10,12,13], respectively, and three [2e4] of them were
published in domestic journals. By contrast, CRI researchers
had previously published papers in comparatively high-
impact factor journals such as Nature, Science, or Cell.
In 2009, the LBKM decided to apply to the GFP that the
MEST would implement from 2010. The GFP belonged to
Future Promising OFT, which was the second of the BS and
OFT categories [32]. This program, which was intended to
build an excellent domestic and international research
network, would provide annual support of approximately
USD 9e27 million to each research team for a maximum of 9
years. The final GFP goal was the development of a world-
leading OFT by the time the project ended after 10 years.
This would be a product or service creating continuously
high value and applicable to various technology fields. The
MEST also indicated the high-risk/high-return spirit of the
program by announcing the selection of 15 teams until 2012
and subsequently ensuring that at least five teams were
world-class. Owing to its own research results on the new
vessels, the LBKM decided that it could secure a new
application of OFT to treat incurable disease within 10
years. As the MEST touted the spirit of high-risk/high-
return, discovering the existence of a new circulatory sys-
tem in both animals and humans appeared to be sufficient
for the GFP goal despite the LBKM failing to secure OFT
(personal communication with Professor Kwang-Sup Soh).
The research data the LBKM accumulated in those days
can be explained from papers published until 2010. First,
new staining methods and microscopes continuously
confirmed the existence of the new vessels. For example,
their existence in rabbits and rats was observed in blood
vessels [2,12,13], lymphatic vessels [6,8,14], and on the
surfaces of organs [4,7,9,10,16]. These were the results of
continuous efforts to visualize the new circulatory system
more clearly, but did not receive attention from the sci-
entific community (personal communications with Pro-
fessors Kwang-Sup Soh and Byung-Cheon Lee). Second, the
LBKM pursued the identification of the role of Sanals,
aiming for the possibility of application research. It iden-
tified the shape of Sanals inside the new vessels [5,11,22],
which corresponded to BH: 1 mm in diameter, round, con-
taining DNA, and having no organelles, but having a struc-
ture very similar to that of ordinary cells.
Professor Soh said that the best contribution BH made to
medical knowledge was finding Sanals (personal communi-
cation with Professor Kwang-Sup Soh). From 2005, the LBKM
considered Sanals microcells, reporting that Sanals might
be stem cells. For example, the LBKM presented a paper
entitled “Naturally Developed Microcells as the Possible
Origin of Adult Stem Cells” at the 20th International Society
of Life Information Science, which was held in September
2005 in Tokyo, Japan. According to BH, Sanals flowed
through the Bonghan ducts and underwent a photochemical
reaction when they reached the surfaces of the Bonghan
corpuscles. Somehow, they changed into ordinary cells, and
these cells reverted to Sanals after performing some func-
tions (this was the unknown “theory of cell cycle” in the
field of biology). If the human body was injured, Sanals
gathered in that area and grew as ordinary cells. Therefore,
the principal function was very similar to that of adult stem
cells.
Formative research on the primo vascular system 325Another possible application of the research was related
to the metastasis mechanism of cancer, which was not
found in Bonghan Kim’s reports. The metastasis pathway of
cancer was expected to involve only blood and lymphatic
vessels, as a definite mechanism had not been established.
Owing to the cancer cells’ capability of infinite divisions,
which was similar to stem cells and their regeneration
function, the LBKM had the idea of observing the new
vessels around cancer tissues (personal communication
with Professor Kwang-Sup Soh). An experiment using mice
showed that the new vessels formed more abundantly
around cancer tissues and that cancer cells existed around
and inside those vessels [19e21]. Based on these results,
the LBKM uncovered the possibility of the new vessels
acting as cancer metastasis pathways and prepared to
pursue this research by applying to the GFP.
3.2.2. Construction of an international research network
Based on the 2009e2010 research results, the LBKM began
to develop its domestic and international network to gain
support for its GFP application. The domestic network was
formed with universities and a governmental research
institute, KIOM, with which LBKM shared its experimental
technique. All members of this network acknowledged the
existence and importance of the new vessels. In addition,
approximately 10 other interested universities and research
institutes joined the network.
The international network was developed mainly by
Professor Soh. He used his personal connections to seek out
celebrated scholars worldwide. However, as a physicist, he
encountered difficulty in finding researchers for biology or
medicine. Professor Kang of the University of Louisville’s
Department of Chemical Engineering played a major role in
bridging this connection. Professor Kang had received her
doctoral degree in biochemical engineering from the Uni-
versity of California in 1991, and she had been appointed to
the University of Louisville in 2000. One of her fields of
specialization was developing a technique using nano-
particles to identify specific cells, including cancer cells.
Since 1994, she had been the chairperson of the Baltimore
Korean-American Scientists and Engineers Association
(KSEA). In early 2007, Professor Kang attended the KSEA
conference held in Baltimore and heard about Professor Soh
from a former KSEA president who was his alumnus (per-
sonal communication with Professor Kyung-A Kang). She
learned about a physicist who was pursuing the discovery of
a new circulatory system and who was looking for a pro-
fessional in the nanobiotechnology area. Professor Kang
met Professor Soh in Korea at the end of 2007 and was very
impressed with his results, deciding to pursue research in
both the development of the basic technique and its
application in medicine.
Professor Kang also believed that introducing Professor
Soh to international scholars was important and suggested
that he present his results at the International Society on
Oxygen Transport to Tissue (ISOTT) symposium. Established
in 1973, the ISOTT holds many conferences annually for
scholars to present their research on basic biology and
applications to medicine. Most of the attendees are
eminent scholars from the USA and Europe, and all are open
to new science and technology. Professor Kang’s high
stature in the ISOTT was partly because her mentor forOptics, Dr. Britton Chance, was a maestro in biophysics and
the ISOTT chairman in 1976 (personal communication with
Professor Kyung-A Kang).
Professor Soh attended the ISOTT symposium in July
2009 to build an international network to support the GFP
application and attended a seminar arranged by Professor
Kang at the University of Louisville. He derived great out-
comes from this because he had the opportunity to meet
eminent scholars who were doing research closely related
to that of the LBKM. Professor Soh was very surprised to
meet scholars pursuing similar research on stem cells and
cancer cells. For example, Professor Mariusz Z. Ratajczak
(Director, Stem Cell Institute, James Graham Brown Cancer
Center, University of Louisville’s School of Medicine) was
very interested in the origin of the microcells, which were
named as very small embryonic-like stem cells (VSELs) [38]
and had been isolated from bone marrow or cord blood with
difficulty. Professors Ratajczak and Soh noticed that the
microcells they each found were very similar in size and
shape. Professor Ratajczak reiterated the possibility of
microcells growing to adult stem cells to Professor Soh, and
from the new vessels described by the LBKM, Professor
Ratajczak could guess at the origin of VSELs. After the
seminar, the two scholars discussed future cooperation
positively (personal communications with Professors
Kwang-Sup Soh and Kyung-A Kang).
A few days later, with Professor Kang’s assistance, Pro-
fessor Soh contacted Professor Mary J. C. Hendrix (Presi-
dent and Scientific Director, Northwestern University’s
Children’s Memorial Research Center), who had not atten-
ded the ISOTT symposium but had heard about the pre-
sentation. Professor Hendrix was a scholar who mainly
studied vasculogenic mimicry, which is different from the
blood and lymphatic vessels in cancer tissues. Researching
how vasculogenic mimicry was connected externally to
cancer tissues, she was glad to hear from Professor Soh
about the existence of the new vessels around cancer cells
and suggested joint research with him. If the joint effort by
the two scholars were successful, there would be a new
approach to research on the growth, metastasis, and
treatment of cancer cells (personal communication with
Professor Kwang-Sup Soh).
Professor Soh also met other eminent scholars such as
the aforementioned Samuel Achilefu and Donald M. Miller,
Laura Beretta (Fred Hutchinson Cancer Research Center),
and Peter Vaupel (University of Mainz’s Institute of Physi-
ology and Pathophysiology). Professor Soh realized that the
LBKM could receive worldwide attention through these re-
searchers and could obtain the support of an international
research network in order to apply to the GFP. In addition,
most of these scholars were invited to an LBKM-related
international conference in September 2010 in Korea. The
arrangement by Professor Kang and his attendance at the
ISOTT symposium resulted in Professor Soh’s gaining the
valuable asset of an international human-resource network.
3.2.3. The first attempt and failure, and reorganization
of the team
In 2010, the LBKM named the applying team “The 3rd Cir-
culatory System Research,” and its aim was divided into BS
phase and OFT phase. The main purposes of the BS phase
were to discover a technique to identify the new vessels as
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mechanism related to the development of adult stem cells
and metastases of cancer cells. The purposes of the OFT
phase were to develop the equipment to visualize these
new vessels to diagnose diseases and to establish a new
drug delivery system and an electromagnetic field medical
device to cure diseases. The team established six Special
Centers of Excellence, 10 Collaboration Teams, and one
central Global Center of Excellence in country, and six in-
ternational Collaboration Teams. At that time, the LBKM
was concerned about whether to use “Bonghan” in the
name of the team (personal communication with Professor
Kwang-Sup Soh). “Bonghan” should have been included
because Bonghan Kim had carried out the core advanced
research and the LBKM had used “Bonghan” in the titles of
its papers and in abstracts. However, the key advisers
around the LBKM disagreed. The MEST government officials,
who fully acknowledged the LBKM’s research findings, were
of the opinion that “Bonghan,” used in the 1960s, was not
an appropriate expression to use in the 21st century. The
international scholars whom Professor Soh had met during
his visit to the USA also recommended against the use of
“Bonghan” because it sounded very strange to the ears of
the international academic society. The LBKM accepted
these opinions and coined a new term in order to highlight
the new circulatory system for the team to apply for the
GFP.
By the time the LBKM had finished its preparations for
the application, the MEST announced that the GFP research
selection would take place not through free participation,
but through the collection of opinions. According to a press
release on May 26, 2010, the MEST suggested that domestic
industry-academic-institute professionals should propose
the appropriate domains to fulfill the aim of the GFP. The
MEST had planned to facilitate the Open Global Frontier
Forum online in order to gather all opinions for a demand
survey. The survey period spanned 1 month in April 2010,
and 136 domains in total were submitted. The MEST
requested that the 103 members of the GFP presidential
committee and subcommittee evaluate them. First, 15
domains were selected in May, which were then reduced to
seven. Therefore, researchers could apply for the GFP if
the domain related to their research field was selected
first. According to the MEST, the Forum-based demand
survey was an upgraded system that ensured transparency
and fairness in the selection of the winners. However, this
process was never advantageous to the LBKM. The starting
point of a new circulatory system, which was used by the
LBKM, was not well known to the domestic scientific com-
munity. The LBKM needed the opportunity to first dissemi-
nate its research results in order for it to promulgate its
proposals. The demand survey from scholars meant the
disappearance of such an opportunity because domestic
researchers were more familiar with Western state-of-the-
art technology. Moreover, the selection of the seven do-
mains was very quick. Three subcommittee meetings and
two presidential committee meetings needed only 1 month
to select the domains.
In April 2010, the LBKM applied to the forum with the
domain name “Creation of New Medicine from the Fusion of
Oriental and Western Medicine.” It submitted a proposal of
approximately three pages containing a summary of theimportance of the selection of the domain for the GFP.
However, it was not selected from among the 15 domains,
and the opportunity to disseminate “The 3rd Circulatory
System Research” to the domestic scientific community
disappeared.
There were several possible reasons it was not selected,
but no one was able to specify the exact reason. Here, the
author points out only that the title and the LBKM domain
contents involved an area and terms unfamiliar to domestic
scholars. These could be summarized with two terms: KM
and BH. The LBKM proposal included the following con-
tents: the establishment of a new medicine from the “sci-
entific approach of KM” and its fusion with Western
medicine, cultivation of a healthy society to extend life
with this new medicine, and upgrading Korea’s status as a
blue-ocean creator in a medical industry. However, gov-
ernment support for the “scientific approach of KM” was
insignificant in comparison to the total R&D scale [39]. The
MEST, the Ministry of Health and Welfare, the Ministry of
Knowledge Economy, and other departments provided
government R&D support for KM totaling USD 213 million
from 2006 to 2010, with an annual increase of 16.5%.
However, the ratio of all R&D support was very low: for
example, USD 55 million comprised only 0.4% of the total
R&D scale in 2010. Among them, the MEST fund was only
USD 8 million, and with 69 projects in total, that meant
allocating approximately USD 120,000 per project. In
addition, most projects concerned the application of
traditional KM, including the suggestion of new treatment
techniques for diseases by using acupuncture and herbs or
the confirmation of its effects with advanced imaging de-
vices. Therefore, from the standpoint of the presidential
committee and the subcommittee, including a domain
related to the “scientific approach of KM” of the GFP in a
large-scale R&D project supported by the MEST appeared
very difficult. Moreover, some of the keywords that the
LBKM used in the domain were “Bonghan ducts,” “Bonghan
corpuscles,” and “Bonghan system.” Based on such a short
proposal, the GFP grantors might not have fully understood
what BH meant scientifically and how it was related to the
“scientific approach of KM.”
Meanwhile, the GFP evaluation system was different
from the expectations of the LBKM. The LBKM decided that
the GFP high-risk/high-return spirit matched the charac-
teristics of the LBKM’s research, but the MEST evaluation
system was in reality very strict. The MEST announced that
it would eliminate 20% of the total selected teams through
an evaluation process. This meant that supporting high-risk
projects was difficult. Therefore, only projects with a high
possibility of success were likely to be selected at the first
gateway.
Although the LBKM failed to obtain GFP funding, it had
the opportunity to organize a research system to propel it
into the future. Namely, it was able to combine the
research areas in the BS and the OFT phases and develop a
domestic and international network for the appropriate
specific projects. In addition, the LBKM reconsidered the
name of the team because “The 3rd” might have had other
connotations, such as “not important” or “not legitimate”
(personal communication with Professor Kwang-Sup Soh).
The LBKM decided to use the term PVS to indicate a more
underlying and salient meaning of a circulatory system
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During the international World Oriental Medicine-Bio Expo
in September 2010 in Korea, the LBKM, with government
support, held a conference called the International Sym-
posium on the Primo Vascular System: Special Topics on
Cancer, Regeneration, and Acupuncture (ISPS 2010) that
featured 40 presenters, including 20 international eminent
scholars. The ISPS 2010 was a symbolic conference about
the research on the PVS that would be done consistently
worldwide.
3.2.4. The challenge and failure of medium-scale
application research projects
In 2010, Professors Soh and Lee had to work in separate
laboratories because Professor Soh’s retirement in February
2011, which was required by regulation, was approaching.
Professor Lee began to work as a Visiting Professor leading
the Ki (氣, Qi) Primo Research Laboratory at the Institute
for Information Technology Convergence affiliated with the
Korea Advanced Institute of Science and Technology,
Korea’s representative research-oriented university.
Following his retirement, Professor Soh became an Emer-
itus Professor at SNU and established the Nano Primo
Research Center at an SNU-affiliated institute, the
Advanced Institute of Convergence Technology (AICT). Even
when separated by distance, the two collaborated closely
with each other.
Professors Soh and Lee consistently generated results,
not only developing a technique to visualize the PVS and its
physical characteristics in the BS phase [23e25], but also
demonstrating the new possibility of applications in the
field, namely in the brain, in the OFT phase. They suc-
cessfully visualized the PVS in animal brains [26,27] and
considered applying the research to the diagnosis and
treatment of brain diseases (personal communication with
Professor Kwang-Sup Soh).
Professor Soh decided to apply to the PPFT, which
belonged to Fusion Technology, the third of the BS and the
OFT categories [32]. Initiated in 2008, this Program would
provide USD 900,000 annually for 6 years and focused
mainly on the converging technologies of nanotechnology,
biotechnology, and information and communication tech-
nology. The support size and time scale of the PPFT were
smaller than those of the GFP, but the final target was very
similar. It aimed to develop a new OFT that could be of high
value worldwide after 10e15 years by securing as many
international original patents as possible. Additionally, the
announcement that it would support high-risk/high-return
research projects was similar to that of the GFP. Profes-
sor Soh gathered many scholars, including Professor Lee,
from different institutes such as from the SNU’s Veterinary
School and School of Engineering, the Samsung Medical
Center in Seoul, the National Cancer Center, and Kyung Hee
University’s College of Korean Medicine.
The title of Professor Soh’s 2011 application for the PPFT
was “Development of a Diagnostic System with Biomarker
Identification in the Primo Vascular System.” It appeared
possible that the previous research on the brain PVS could
be developed into a world-class OFT (personal communi-
cation with Professor Kwang-Sup Soh). The fields of stem
cells and cancer metastasis were also promising, but
developing an international research network was difficultbecause of the PPFT’s support being smaller than that of
the GFP. Professor Soh believed that the project for brain
diseases could have an outstanding outcome independently
in Korea, especially because Alzheimer’s disease is one of
the major illnesses in an aging society.
Professor Soh’s proposal did not include the term “BH,”
which had been used in the GFP proposal. Instead, the term
“PVS” was used in both the title and the contents. In
addition, “KM” was used merely to indicate that the
research was helpful for the development of KM. This was
the result of coping with the domestic scientific commun-
ity’s unfriendly stance towards KM and BH. According to the
proposal, the final target was to develop a device to di-
agnose Alzheimer’s disease and brain cancer in a more
convenient and quicker way. The purposes of the BS phase
were to establish the PVS network in the brain, to develop
an antibody binding specifically to the PVS, and to develop
a biomarker for the PVS of brain disease. In the OFT phase,
they were to find the PVS pathway between the brain and
the skin and to develop biochips to analyze fluid isolated
from the PVS efficiently.
There were three stages in the screening process of the
proposal, and Professor Soh was dropped at the final stage.
In 2012, the MEST awarded further grant funding to provide
another chance to those who had been dropped at the final
stage in 2011, but Professor Soh failed again. The reason
Professor Soh was dropped from the PPFT’s selection pro-
cess was as difficult to explain as the GFP situation was.
However, according to the evaluation panel’s members, the
research results of Professors Soh and Lee did not appear to
be well known in the domestic scientific community, and
the high-risk/high-return spirit could not be evaluated
properly. Professor Soh said that the initial response of the
evaluation panel’s members was that the proposal did not
instill confidence because they had previously never heard
of the existence of the PVS. Medical doctors exhibited this
kind of distrust more intensely (personal communication
with Professor Kwang-Sup Soh). The second response was
that the research was likely to fail. The evaluation panel’s
members might have had difficulty envisioning the possi-
bility of the application research on the PVS being suc-
cessful because they distrusted its existence. This meant
also that the spirit of high-risk/high-return was not re-
flected well in their evaluation.
In fact, the Government’s internal evaluation demon-
strated that, in reality, the Government supported pro-
jects with a high potential of success, even though
advocating the spirit of high-risk/high-return, according to
a National Science and Technology Commission (NSTC)
press release on September 20, 2012. The NSTC is the
highest decision-making organization for Korean science
policy, and in March 2011, with the switch from temporary
presidential advisory committee to a permanent adminis-
trative commission, it was assigned to carry out this
indigenous function. The inherent function of the NSTC was
to deliberate on, adjust, and decide the R&D
budget allocation to all government departments. Ac-
cording to the press release, the success rate of the na-
tional R&D project was over 90 percent, but innovative
outcomes were insufficient.
Professors Soh and Lee needed at least USD 900,000 in
order to form the research network for the PVS and to leap
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cation with Professor Kwang-Sup Soh). However, compared
to the early days, they maintained their pursuit with only
two-thirds of that budget from 2009 to 2012. In addition,
the process of preparing the budget was unstable. Until
2010, Professor Soh was funded by his own project and joint
research projects, and in 2011, he was supported mainly by
the AICT. At that time, there were three doctors and four
graduate students on Professor Soh’s team, and this per-
sonal expense was subsidized by other projects. The KM
community supported the team, but the amount was
insufficient. For example, the Association of Korean Medi-
cine signed a Memorandum of Understanding with the LBKM
to support the research from June 2009 for 2 years, but the
amount covered only the personnel expense of an Oriental
medicine doctor sent to the LBKM. Meanwhile, Professor
Lee received annual funding of USD 45,000 from the MEST as
a part of his personal R&D project from 2010 and was
commissioned to do small-scale research by a governmental
research institute (KIOM) for 6 months in 2012.
As corresponding authors in 2012, Professors Soh and Lee
published papers on the BS phase of the PVS. For example,
Professor Soh presented research on the fostered biophoton
hypothesis based on the PVS found in the brains of rats and
rabbits [28]. Professor Lee not only developed a staining
technique to identify the PVS in the brains of rats more
clearly [29], but also suggested a new mechanism used by
Sanals to generate cells [30]. In addition, he raised the
possibility of Sanals in the PVS being a more underlying
system-like substance, and not an origin of stem cells, in
the Journal of Acupuncture and Meridian Studies [40].
In conclusion, the LBKM has consistently pursued the
investigation of the existence of the PVS in the body and its
possible application in medicine, but has failed to receive
government funding for medium- and large-scale R&D pro-
jects. Generally, the Korean government supports only
personal units of funding for research to the BS level of
unprecedented, Korea-originated fields such as the LBKM.
An exceptional wealthy personal grant funding program
such as the CRI exists, but funds are granted for substantial
levels of research, not for startup research. This situation
was the same as the medium- and large-scale R&D projects
targeting the OFT. No specific reasons were given as to why
the LBKM was dropped from these projects, but according
to the 2012 NSTC press release, the Korean government
clearly was not strongly inclined to support high-risk/high-
return R&D projects. From the LBKM point of view, the
Government was not ready to make the leap into new,
unprecedented worldwide BS research.
The NSTC announced that, accepting the possibility of
failure, it would support high-potential R&D projects for
academic and social influence in order to reduce the
behavior of funding only highly successful projects. The
new project name of the NSTC was “Innovative and Leaping
Type of R&D Project,” and the purpose was “glorious failure
of challenge rather than safe success.” As the NSTC claimed
to support projects that could lead to high academic
achievement and contribute to public welfare, funding only
the BS field without the OFT field was possible. The NSTC
announced 15% funding from the total R&D budget to every
department from 2013 and raised the rate to 30e40% in the
medium and longer terms. However, how many high-riskresearch projects would be included in the funding was
unclear. As each department was able to not only establish
new R&D projects but also just select existing research as
“Innovative and Leaping Type” research, there was the
possibility that each department might not be pushing new
projects of the high-risk/high-return type.
The LBKM had continuously developed new PVS visuali-
zation techniques at the BS level and despite many failures,
had developed its application to stem cells, pathways of
cancer cell metastasis, and brain disease. In addition,
regardless of funding, it shared its experimental techniques
to promote the research area both domestically and
internationally. Professor Soh expressed the hope that
based on the 10-year research results from the LBKM,
everyone would be able to research application areas
(personal communication with Professor Kwang-Sup Soh),
and recently, this sharing began to bring about new results
in the scientific community. Dr. Byoung-Se Kwon’s research
is one example. Dr. Kwon, who had studied immunology for
40 years, was a Distinguished Investigator at the Korean
National Cancer Center and a Professor at Tulane Uni-
versity’s Department of Medicine. The MEST nominated him
as a National Scholar, and he was highly regarded by the
domestic scientific community. In 2010, Dr. Kwon did not
believe the LBKM results, but pursued this line of research
after discovering the PVS inside lymphatic vessels. He
discovered new ducts from the lymphatic vessels and organ
surfaces of rats, and published his findings on the existence
of various immunocytes inside these vessels in 2012 [41].
The reason Professors Soh and Lee, two key leaders of
the LBKM, consistently pursued this research for 10 years
was their belief in the existence and the significance of the
PVS rather than the research data itself. Professor Lee,
especially, worked tirelessly on new visualization methods
after hearing of researchers failing to replicate the exper-
iment many times although he had already developed such
visualization methods (personal communication with Pro-
fessor Byung-Cheon Lee). As it was difficult for Professor
Lee to put aside his own research and conduct demon-
strations worldwide, he developed even newer methods for
other researchers to find the PVS successfully and more
easily.
A theoretical physicist, Professor Soh was the prime
motivator of the PVS research to be attempted in the
Korean scientific community. The establishment of a KM
research center in the Department of Physics at SNU to
carry out this research, in which both the Korean and the
Western medical communities were disinterested, was
made possible owing to his great prestige as a professor at
SNU. Professor Soh’s ultimate purpose was to define a living
organism through the biophoton hypothesis, and his
research would progress satisfactorily with various new
research results over more than the past 10 years. Professor
Soh hoped that most of the research would be realized at
the LBKM in Korea, but the actual situation is not
optimistic.
I think that the Korean government needs to prepare for
new funding programs in full accord with Korea-originated
creative research areas between the BS field and the OFT
field. The LBKM could perform much more research in the
basic science area and suggest much stronger possibilities
for medical applications if there were stable and, at least,
Formative research on the primo vascular system 329medium-scale support programs that did not require high-
quality research papers and practical convergence tech-
nology. The Korean government, without proper prepara-
tion, might show belated interest in the PVS after hearing
of outstanding research outcomes from other countries.
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